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• To evaluate effects on cerebellar neuroanatomy of three 
insults (“hits”): prenatal VPA, postnatal T, & maleness
• We found no statistically significant differences by treatment group or number of hits, but cell linear density 
(# cells/100mm) showed a trend (p = 0.08) when analyzed by hits (Fig 1). 
• However, the predicted direction of difference, that group VPATM (light green, 3 hits) would have the lowest 
cell area and linear density was not observed. 
Although there were no significant differences in the neuroanatomical measurements portion 
of the study, the larger project found some differences in behavior due to VPA treatment and 
that varied by number of hits. This outcome supports the “multiple hit” hypothesis of ASD 
vulnerability, that the number of hits increases vulnerability more than any one factor alone.
Prediction
• Increasing # of hits (0 – 3) increases risk of cerebellar effects, 
namely decreased Purkinje cell area and linear density 
• Therefore, male mice exposed to prenatal valproic acid and 
postnatal testosterone (3 hits) should be most affected.
Animals
•Three cohorts of Swiss Webster (CFW) mice from Charles River Laboratories were received at 8-10 weeks of age, 
allowed to acclimate for 1 week, and paired for mating using harem breeding. First day of gestation (E0) was 
determined based on the presence of a mating plug, after which dams were separated from sires.
•Pregnant dams were injected with either 500 mg/kg VPA in saline (i.p.) or vehicle (Veh 1) on day E12.5, see Fig 1. 
On P1, pups were sexed using a 1mm tail clip for Sry detection via PCR, protocol modified from Meeker et al. 
(2007), weighed, and marked with a Sharpie. On P2, litters were culled to 10 mice max., and offspring from each 
litter received either 100 μg testosterone propionate (TP) in 25 μl peanut oil (s.c.), or vehicle (Veh 2), given equally 
by sex. Permanent markings were made using paw tattoos.
•Mice were weaned at P21, separated by sex, and housed with up to 5 littermates per cage.
•All animals were maintained in our animal facility on a 12:12 light/dark cycle and were provided TekLad 2016 
rodent chow and tap water ad lib.
• In the larger study, mice were tested for motor development, wheel running, and social behavior.
•Animal care provided was in accordance with the Guide for the Care and Use of Laboratory Animals: Eighth 
Edition (NRC 2011) and procedures were approved by our IACUC.
Neuromorphology
On P31, mice were intracardially perfused with 4% paraformaldehyde (pf), after which brains were 
removed, postfixed in pf and transferred through graded sucrose solutions prior to rapid freezing 
using dry ice. Brains were cryostat sectioned sagitally (50 µm), mounted onto SuperFrost Plus 
slides, followed by thionin staining. A compound microscope was used to capture images of lobe 9 of 
the cerebellum at 10x and 40x magnifications using the software Motic Images Plus 3.0. The linear 
density (number of cells/100 μm) and cross-sectional area (μm)2 of Purkinje cells found in the 
anterior, ventral, and posterior sides of lobe 9 at 40x magnification were measured. 
Statistical Analyses 




















































Figure 1: A) Average cell area (+SEM) by number of hits (p=0.29); B) Average linear density 
(+SEM) analyzed by number of hits (p = 0.08). 
Figure 2. The same data as presented in Figure 1, but analyzed by treatment group. For reference, the different 
colors in the graph represent the number of hits as shown in Figure 1 (red = 0; dark green = 1; yellow = 2; light 
green = 3). A) Purkinje cell cross-sectional area (µm)2 + SEM (p=0.10); B) Purkinje cell linear density (#/100 µm) 

























































Average Linear Density 
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Background
• Autism spectrum disorder (ASD) is more commonly diagnosed in 
boys than girls. Testosterone (T) is elevated perinatally in males.
• Prenatal exposure to valproic acid (VPA) increases risk of ASD, 
especially in boys; VPA is a common ASD mouse model.
• The cerebellum is implicated in ASD; VPA has been found to 
modify cerebellar neuroanatomy in the VPA mouse model.
• T might increase vulnerability to VPA and increase ASD risk.
